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DUPLiCATS 

1 

APPARATUS FOR COLLECTING PARTICLES 

TUfi present inveqtion generally concerns impiovemeats to apparatus for coUecting 
airborne paiticles. The present invention i4 particularly, althoust not exchmvely. 
5 directed to apparttua ftir the wUei?tiou of particles ftom ait enviroiiinent in wWch the 
temperature of ambient air is close to or even below, O'C. 

The separation of particles from air is often achieved by. the use of cyclones that 
pj50Vide for rapid acceleration of the air wliereby diJEferentlal cenodpctal fiarces act to 
10 dislodge particles from the airflow. Tne collection of the separated particles, for 
example, for analysis, often requires that Ihe particles be suspended In a tdnimum 
volume of a collection fhiid. normally water- Apparatus providing this fecility often 
employ an iqjBotion of water, ftom a reservoir associated with the cyclone, into the 
Bixflow wiibin the oydone body and/or the wetting of the cyclone body walls. Such 
15 apparatus may. for example, sample about 700 litres of air per millititw of water. 

A particular problem of these apparatus lies in Ihc feet that, under certain 
environmental condWons. the smaU volume of iiijetited collection fluid is susceptible 
tp irpczxns through contact with a large volume of cold air passing into the cyclone 
20 body. In addition. Where the apparahia is exposed to prolonged ambient cold, the 

collectian fluid may also fireeze vrilhin the reservoir. 

Freezing of thenollcction fluid prevents the correct operation of the coUection system 
and analysis of the type and concentration of particles in an environmenL The 
25 ptoblem therefore represraits a. elvers limitation to the operaUon of these apparatus in 
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drcometances where fliete is a need to idcatifir pathogenic threats in enviroiunenis ici 
which the leinperature is clos6 to or below O^C. 



Onn.epproach to the pioblem utilises a hieaier-to heat ifie ©avironment immediatBly " ' 
5 ambient the apparatus. However, this approach is generally unsati^jfgicwry especially 
where there is m urgent weed lo bcgiiiL opcxation of an apparatus having had prolonged 
cobtact with 9 freezing enyxronment. 

Alternative approaches to the ptpblein may provide antUSreeze to the coUectfon fluid 
10 or, additionally or alicnjatively, heat one or more of the cydone body* reservoir and 
connccdng lines. However, th^se aj^roaches are complicated by problems involving 
sample inlc^ty and analysis and the need lo reengineer the pyclone or apparatus. En 
addition, heating of th« cyclone body, resCTvoir amJ connecting lines may not 
adequately prevent freezing of the relatively low volume of ti^ ected coJIection fluid 
15 tiatoug^ contact wifli the large volume of cold air entering the cyclone. 

The present inv^iii<m generally ^seks to overcome the problem of j&eezing of 
collection flnid. particular injected collecrion fluid, by providing more efficient means 
£br healing air entering lite cyctone, 

20 

Accordingly^ the prcsexxt invcntfon provides apparatus for collecting particaes fiom 
air, comprising a cyclone having air inlet and outlet means, means rnaintainir® an 
airflow there throu^Ji and means deUverfng a collection fluid from a. reservoir to 
particles in or separated from the airflow in the cyclone, in which the air inlet means 
25 is associated with means for heating flic incoming air. 
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3 



The term "air inlet nieans*^^ es used ia this specification, includes any airangecnent 
providing for fhc passage of air from fhe envixonxsoent to the cyclone body. In 
particular, it will be appreciated that the air inlet means may compnse an elevated, 
annular air intake «lot vdth connecting means^ for example tubings guiding the air to 
5 the cyclone body. 



It will be undmtood> therefoi^e* that the present invention includes within its scope 
beating means arranged oti^ within or around the air inlet means and, in particular, the 
intake slot and/or coxmecttng means. 

10 

In some embodiments of the present invention^ the heating meajis i$ co-axially 
mounted on or within the air Met means. Preferably, the healing means is maintained 
in themiaL contact with a portion of an exterior or interior surfkce of the air inlet 
means. The heating means may be mounted to the air inlet me%ns so that, at least a 
15 portion of, their sur&ces are touching. However^ it will be apparent tiiat a thermally 
conductive intervening element may also be provided between these surfaces. Of 
course, in these embodiments the air inlet means will, at least in part, be thermally 
conductive. 

20 Ahematively, the heatiiig means nzay be co«axially mounted within the air inlet m^ns 
so as to he^t the incoming air in the air inlet means directly. Pre&tablyi the heating 
means is not in contact with the air inlet means. In some embodiments, tberefoTe, the 
air inlet means may comprise a heat insulating materiaL 
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The heating xasms may con^risc any suitable heating means and may, in paitfcular, 
may powered by a batteiy or other means. In a prefeited embodiment, the beating 
means comprises a heating block, which is momTed in ihcrmal contact with a 

fhcamally conductive portion of acylindriraa air inlet tube. The block, whiph is. fer 

5 ejctoiple, be circular or semi-circular k crtss section, may thomany contact part or 
fte whole of the circumferential surfeoe of the portion. 

The heating block may comprise a metal or metal alloy, such as brass, and one or 
moreheatixig elements, such as fhose known to the art as "fire rods". However, oflwr 
10 thennally cemductivc materials and heating elements may also be suitable for the 
pcacticB of the invention. 

The healing means may be mounted on or wiibin thts air inlet means by any suitable 
ittoonting means. In a prefened embodiment, the heating block is coniigm-«d to slide 
15 or damp onto the air inlet tube. Ihe mounting meam may additionally or 
alternatively, comprise abutments or indeniations on the outer surface of the air inlet 
means. 

•me heating means may altenxatively or additionally comprise means delivering air 
20 exciting the cydone to Ihe air inlet means. The exhaust air, which may be solely 
heated by the cyclone motor, or include an additional component Ihim, say, the 
heating block may, for cxaroplej be delivered to an outer or inner tube surrounding or 
within the air inlet means befbre exiting the apparatus. Alternatively, the exhaust air 
may simply be delivered to a portion of an outer surfkce of the air inlet aiean& 
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The heating meais may Ise associated with a lempoatuie sensor for senSiTig the 
temperature of heated air ent«ring or exiiitig the cyclone. Pre5i»bly, the healing 
means U associated whh control mewis responsive to the temperature $e>wcr whereby 
to control the extent of heating required to prevent iiyeoted collection fluid from 

5 freezing: 

In some embodiinents of the present invention, the appaidSass conaprise means fiw 
warming or heating the fluid colleclion reservoir and/oi cyclone body. The second 
heating means may simpV comprise means fcr trapping the exhaust air or heat fiom 
10 or the exhaust air. 



The second heating means may Aerefore OOTcgnise enolosnre means enclosing, at least 
in part, one or more of the fluid collection reservoir^ cyclone body and air Outlet 
means. Preferably, the esoolosure means does not enclose the first heating raeaoa in 
IS which case the heating blodc, for example, is protected by a wealheipropf container or 
jacket 

In some ttttbodiments, however, die second healing means compliments the flfst 
heating means. In particulWv exhaust air delivered to the sit inlet means may be 
20 trapped by an enclosure also enclosing a portion* preTetahly a major portitai, of the air 
inlet means. It will be apparent, however^ thai, in all embodiments of the present 
invention, at least a p(»tion. of the air inlet means will not be enclosed. 



In a preferred embodiment of tiie present invention, the enclosvre means cotqaiisa a 
25 rigid, box container equipped with closure means However, other enclosure means. 
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mcludiBg &ain work structures sttppoitittg i-emovable panels and/or insulating fabrics, 
may also be suitable. 

... misntipiiod ibove, .the enclosyr^ n^esns. may. enclose only, part of the air outlet 
5 means so that only a portio» of the heated air exWng ihe cyclone may be tetaiaed 
within the enclosure izi^atis. Attematively, the enclosure means may not enclose the 
air outlet means and a portion of fee heated air exiting the cyclone may be delivered 
to the cncIosuEe means. 

10 Prefcra3>ly, however, the enclosure means wholly encloses the air outlet means and 
includes ventilation means, allowing ingress of ambient air and ep^it of heated air. The 
movement of ambient air into the enclosure prevents overheating of the sample and/or 
apparatus. 

15 The ventiladcxzt means may simply comprise slots or apertures provided iAi &r 
example^ the rigid bo^ container. Preferably the ventilation means comprise louvres 
or slats which may, optionally, be lotatably mounted. Ibe ventilation means may 
fbrther comprise one or more blowers to d$sist in the movemeiit of ambient an, 

20 The ventilation means may also he controlled by second control means. In one 
embodiment; the enclosure means include one or more temperature sensors fbr 
sensing the temperanire of the trapped air. In this embodiment, the second control 
means may be responsive to the ternperature sensor or sensois so as to actuate B>r 
example, the blowers. 

25 
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The ptesealt invention substdMially prevents freezing of injected collection £iuld at 
ambient texr^jeratares approaching -i5°C and offes the acjv^teitage tiiat panicle may 
be rapidly sampled and analysed even aft^ prolonged contact of the apparatus with 
^recaing cold. 

5 

The invention further offers iht advantage that existing particle collection ^paratus 
are easily modified withont the need fyt rccngineering the appiaiatus. The 
incoiporation of ample heating apparams on or within the air inlet means avoids the 
need for antiftewe and provides an elHcienl axid portable solution to the problem, of 
1 0 fireezing collection fluid on injeclion. 

to addition, the retention of wann air, heated by the first heatitig means (and the 
cyclone motor), by simple enclosure means provides a cheap and portable solution to 
the problem of freezing of collection fluid in the reservoir. The present invmdon 
15 therefore avoids the necessity to heat air Immediately ambient the apparams and 
allows deployment of the whole apparatus outside an artijacid environment, such as 
ttiat provided by a heated vehicie. Further, the invention provides a heating solution 
for the collection fluid bi which the integrity of Ihe sample in the cyclone body is not 
pvejudsoed by, for example, excessive beat. 

20 

The present invention will now be described with reference to several embodiments 
and the following examples and dTa:wings in which 

FigOra I is a section view of the apparatus of a preferred embodiment of the 
present invention; 

25 Figure 2 is a part, plan section view of the apparatu$ of Figure 1 ; and 
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8 

Figores 3 a) and t») are graphs showing dia tBmperatures of various parts of flj^ 
apparatus dorms operation at ambient tempexatures of -9° to ~12°C. 

Having regard now to Figures 1 and 2^ a low temperalurB, particle cbBedion 
5 apparatus, genewlly designated 1 1, coaiprises a support ipember 12 housing a cyclone 
13 having air inlet means, generally designated, 14 and air outlet means, generally 
dedgnated, 15. 




10 



The air outlet means 15 coirprise chambeis 16,17 provided in the «^port maahtr 
12. oonnecling the pyclone body 13 lo an aperture 18 by tubes 19. One chamber 16 
conqstises a plenum ohamber whilst the other houses a motor drivto blower 20y whicih 
moves air &am &e air inlet means 14 throu^ the cyclone body 13 towards the 
sfiertUTe 18. 



15 The airmlet means 14 comprise a detachable, lozenge-shaped element 21 havmg an 
annular slot 22. the alot 22 admits air into a connecting mbe 23 connecting the 
loienge 21 with a tqiexed tube 24 enlering the ttyelonc body 13, The tapered and 
connecting tubes 23, 24 are connected by a nut and screw arrangement: 

20 The support member 12 also houses a number of peristaltic pump^ 25 m fluid 
communication with a first reservoir 26 and a second, reserve reservoir 27. The fiist 
reaervok 26 contains an aqueous buffer solution, which is supplied, via mbing 28 and 
Inlet tDbe 28^ to the airflow in the coimBcting tube 23 just above the cyclone body 13 
and ftom the cyclone body J3 back to roswvoiT 26. Although sample coUection is 
25 cyclic, leadhag to a more concentrated sample fbr analysis, the system mcludea a T- 
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Joint in tubing 28 enabling a portion of the sample-confining bufTer to be collected in 
second resQCvCnr 27 as a back-up sample. 

The support member 12 is ainranged withm a rigid, box container 2S>» having a 
5 reqaovable pan©I or lid member (not shown). The box 29 has an aperture in its roof 
allowing for the exit, from tiae box 29. of the connecting tube 23 of air inlet means 14. 

A bra^ heating block 30 having a centrally disposed, circular apemire (not shown) is 
axrdnged in contact wilh a portion of the cpnneoting tube 23 of air inlet means 14 by 

1 0 dlidhig over tbe top of the tube 23 wh«n ^e lozenge^shaped element 21 is deiadxed. 
The heating block 30, which will not be described in detail here» comprises an 
arrangement of heating elements similar to those known in the relevant art The 
underside of the heating block 30 coctapts a ihernially insulating mat 31 » having a 
centrally disposed, circular aperture, provided on the upper sur&oe of the upper wall 

15 of box 29- The heating block is ffaced to the roof of the box 29 by screws 32, which 
engage threaded apertures piovidejd around the circular aperture in the roof The 
Upper portion of the connecting means 23 of air inlet means 14 is lagged with a 
thermally insulatmg material 33. The heating element is connected to a mains supply 
via a power distribution module 34. 

20 

A Ihennostadc eontrol 35. (not shown in Figure 2), having a teraperatiirB setting 
control, is also mounted on the lower surface of 'die roof of box 29. The therniostatic 
control 35 is comiwted to a temperarure sensor 35 arranged to monitor the 
temperature of air exiting the cyclone body 13. The Uieimostaizc control 3S controls 
25 the heating of the connecting tube 23 of air inlet means 14 by heating block 30 

21 JPN 20B3 053 52 4-44 ISSQ 0ar^ 11 
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10 

accotding to t3« whether the temperature of air exiting flxe cyclone sensed hy the 
teiBpeiatare sensor 36 is above or below a selected temperatwes 

A further thwmosiatic control 37, having b tempeiatnie setting control, is mounted on. 
5 the inner suifew of a wall of the box. The thermostatic control incoipo*ates a 
temperatnre season which monitors the temperature of the temperature of w in the 
htac 29. Refeiring now to Figme 3. The thennostatic control 37 is connected (not 
shown) via power distribution module 34 to blowers 38 provided within 6ppOSii^ 
walls of box 29, The blowers 38, which are of ft typo commonly provided in 
10 windows, diow the entry of tohient air and the exit ofheaied air to the box 29. The 
blowers 38 are actuated by the themiostatic control 37 when the tcmpetatuic sensor 
senses that the t^p^rature of the trapped air is above the selected temperatnre setting. 




The operation of the apparanis according to the preseat invention will be explained by 
1 5 reference to Figures 3 a) and b) of the drawings aod the following Examples: 

The heating block of the apparatus of Piguie 1 was disconnected from its power 
svpply- The cyclone was operated at aax axiibient temperatuTB of —i^C and the 
20 tcnqieratnre of the air Cheated by the cycluns motor) in the enclosure monitored. The 
tctnpex^eoxc of the enclosed air was fbund lo be 2(fC and water in the reservoir did 
not freeze. Howevov water injected into the cyclone body froae on contact wiA 
incomiag air. 



25 
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Exarrrole^ 

Th9 heating block of t!h& apparatus of Pigure 1 was reconnected to its power si^Iy 
but the first control meatus didcotinected. The cyclone was operated at tdTsperatures 
above freezing and fiie ambient tempetiatme and ftie t^^ip^atare ivithin Qie cyclone 
body monitored. After ttiuning for about 5 minutes ihe lemperature wit&in the 
cyclona body was found to be abom 10°C i^bove ambient tempeiature. 



Examples 

The apparatus of Figure 1 «dS operated for about 1 hour with disconnected Sxst 
1 0 control means. In a mobile field laboratory, at ambient temperatures of 0 to -4**C. The 
temperatuTc of air within the enclosure was monitored. The hearing block was found 
to prwenr the &rmation of ice in the cyclone body whilst the second control means 
w^ found to maintain the temper^turo of air within die enclosure below 25^C. 



15 Example 4 

The apparatus of Figure 1 without a re$^oir, was acclimatised to 9 climatic rest 
chamber at an ambient temperature of -9^C. When ihc bsmperature of the apparatus 
had fhlly eqmlibrated with ambient Temperaiure* the cyclone was staited The 
temperarure of the a5r inlot tube and beating tlodc nad the temperature of air exiting 
20 the cyclone, and air in the wciosure was monitored. Aftei^ about 15 minutes the 
Imperature of the air in die enclosure had nsen to about 15°C. Tbe water reservoir 
was installed to the apparatus and contmuous sampling begun. 

Figures 2 and 3 ^ow the variation in the temp^Bture of the heating block, inlet lube 
25 temperature, e^losure and air temperature in the cyclone during sampling. The 

21 JRN 2Q03 09*52 -^"^ r 
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heating block and control ineans was foand to maintain the teznpecature of air exiting 
the cyclone at 10 to 13°C during a period of 2 hours. The sudden drops in the 
temp^ture of the endosure (Fi^e 2) are due to the opening of the enclosure to 
install further collection fluid. was noted that the second control me^ns preventing 
S overheating m the enclosure did not activate during the run. die tcniperatnre of 
enclosed air not exceeding 24^C 

Examole 5 

The apparatus of Figure 1 without a reservoir, was acclimatised to a climatic test 
10 chamber at an ambieiit temperature of -*12^C. When the temperature of the apparatus 
had jully equih'brated AWith ambient ten^ev^ure, the cyclone was started. After about 
15 mLoutes the t^qierature of the air in the enclosure had risen to about 15°C. The 
water reservoir w^a txi^aUed to the aivparatus and continuous sampling beguHr Figure 
3 shows the variation in temperature of air exiting the cyclone and enclosed air during 
1 5 sampKng over a period of 30 minutes. Il was noted that the second control mcan^ did 
not activate during the nm, the temperature of the enclosed air noi exceeding 
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clauvcs 

1. Apparatus for COJlectiiig particles ftom air, comprising a cyclone having air 
iTilet and outlet medns, mans maintainmg an airflow there throu^ and means 
delivering a coUectixig fluid from a r^^ivoir to partLcles separated from the air flow in 
5 the cyclone, in which the air inlet means is associated with me^nd for heating the 
mcommg air* 

Z, Apparatus according to Claim I, in which th6 heating means is in thermal 
contact wilfa at least a portion of an exterior surface of the aiJr ialct means. 

10 

3. Apparatus according to Claim 2« in which the healing means comprise a 
heating block having one or more heating elements. 

4. Apparatus according to Claim 3, in which the heatrng block is configured so as 
IS to clamp or slide onto tbe air inlet means. 

5. Apparatus according to Claim 3 or Claim 4, in which the heating block 
con^'sas a met9l or metal alloy. 

20 6. Apparatus according to any preceding Claim, in which the heating means is 
assodated with control means responsive to s^sing means sensing tonperature of air 
entering or exiting the cyclone. 

7. Apparatus according to my prcccfUng Claim, further comprising enclosm-e 
25 means enclosfng the cydone body and/or the reservoir. 
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8. Apparatus according to Claim 7, in which the emclosure means compdse a 
rigid container having closure m^ans. 

5 9, Apparatus according to Clairo 7 or Claim 8, in whidi ihe ctpIosih? m$sai$ 
ccnnprises vemtilatioxi means. 

10. Apparatus according to Claim in which the v^ntiteo'on means comprises a 
louvre. 

10 

11, Apparatus according to Claim 9 or Claim 10, in which the ventilation means 
furth^ cOmprides a bio w«r. 

12, Apparatus accordmg to Claun 11, m which flio blower is associated with 
15 second Control means i^ponsive to swsins rtk^^ safoskig tcmpezaturc within* Hhe 

enclosure means. 

13. Apparatus substantialiy as hereinbefore descnbed with reference tO| and as 
shown in, the aGcompan>ing drawings. 

20 
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ABSTRACT 

Impiove^ a ppa ratus for collating particles fiom air comprises a cyclone havmg air 
inl^ mi outlet imeans, means Tnamtainmg an airflow there throu^ and 
deUvedng a collectmg fluid from a raserv^oir to particles sqiarated ironi the air flow in 
5 the cyclone, in wMoh the air miet mt^ans U associated with means for heating the 
inconmig air. The apparatus, whicli.is optionally provided with enclo^tirfi gteah.s for 
trapping heat; prevents jBpeezing of the cbUectzng fluid at lanperanires near to and 
even below tf'C, 



JRN 21303 09:53 



1900 £13529 PI^USE.l? 




21 JflN 20S3 095 S3 



[0058341 21-aah-C|g 




21 2903 09:53 



+44 1380 613529 PORP. i Q 



21 JRN 2003 lls04FROri IPR MOO flBBEYtJOOD 



3|3 



TDPflTENT OFFICE GB P. 22 

tu wiir^Ui^yjw P.20^20 



9EE0 
2KA 



9K0 



—*Alf tetTfJ In Cretan* 





Thii« 



21 JftN 2003 09553 +44 19BZ 613339 Ponp 

** TrrrpiL poge.22 ** 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^^JTADED TEXT OR DRAWING 
^i^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



